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Neospora  caninum  is  a protozoan  parasite  that  presents  worldwide  distribution  and is
mainly implicated  as responsible  for  bovine  abortion.  Although  the  presence  of  birds  in
cattle-raising  properties  is  positively  correlated  to  higher  infection  rates,  very  little  has
been described  about  the role  of  these  animals  in  the  parasite’s  life  cycle.  In  that  sense,
this  work  aimed  to  investigate  the serological  and  histological  positivity  of  different  avian
species sampled  in its  natural  habitat  or in captivity.  No  serological  positivity  was  observedeospora caninum
sittacine birds
vian  species
mmunohistochemistry
erology
in the 294  tested  serum  samples.  On  the  other  hand,  Apicomplexa-like  cysts  found  in  mus-
cular tissues  of  two  Psittaciformes  were  immunostained  with  N.  caninum  antisera.  These
ﬁndings indicate  that  N. caninum  may  infect  a wider  range  of  hosts  than  described  to date,
and that  further  studies  should  be performed  in  order  to determine  the  presence  of the
infection in  different  avian  species.. Introduction
Apicomplexan parasites Neospora caninum and Toxo-
lasma gondii share many morphological features, however
resent distinct biological properties (Hemphill et al.,
006;  Innes and Mattsson, 2007).
T. gondii has been widely researched in the last century
nd infection in birds was reported after three years of its
rst  description (Nicolle and Manceaux, 1908; Splendore,
908), in liver and spleen smears of a naturally infected
igeon (Carini, 1911). From that point on, in numerous
eports have been published about T. gondii infection
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in birds, with higher concentration of articles between
1940–60s, when researchers found out that avian Toxo-
plasma was the same parasite that caused illness in humans
and  other mammals (Dubey, 2002). On the other hand,
natural infection by N. caninum in wildlife birds has been
described only once, in captured sparrows (Gondim et al.,
2010).  An extensive number of wildlife species have been
investigated for their role in Neospora’s life cycle, such as
coyotes  and Australian dingos, which were implicated as
the  parasite’s deﬁnitive hosts (Gondim et al., 2004; King
et  al., 2010). Other wild animal species are also exposed to
the  protozoan, as demonstrated by serological, histological
and/or PCR evidence (De Craeye et al., 2010; Dubey et al.,
2007;  Malmsten et al., 2010; Sedlak and Bartova, 2006).
Open access under the Elsevier OA license.Experimental infections have established that pigeons
may  be susceptible to infection, produce speciﬁc IgG anti-
bodies,  and are potential intermediate hosts of the parasite
(McGuire et al., 1999; Mineo et al., 2009). Similarly,
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embryonated eggs have been shown as a promising exper-
imental model due its differential susceptibility according
to  the incubation period (Furuta et al., 2007). On the other
hand,  carnivorous bird species experimentally infected
with N. caninum did not present clinical signs of infection
or  shed oocysts (Baker et al., 1995), indicating that suscep-
tibility to infection within birds may  be species-speciﬁc.
In that sense, this study aimed to observe the presence of
N.  caninum infection in wild birds maintained in captivity
and  free-ranging birds, using serological and histological
assays.
2. Materials and methods
Serum  samples from two hundred and ninety four ani-
mals,  from 17 species representing 9 avian orders (Table 1)
were  analyzed for speciﬁc antibodies against N. caninum.
These birds were patients in the Wildlife Animal Ambula-
tory  of the Veterinary Hospital, FCAV/UNESP (Jaboticabal,
São Paulo State), or from zoos and ecological reserves
throughout Brazil, being collected from 1998 to 2005.
Patients that died or were euthanized during intern-
ment underwent necropsy, and its tissues were submitted
to  microscopic analysis, as routine diagnostic procedure.
Tissues containing Apicomplexa-like tissue cysts were
selected for immunoassays, as described below. All animal
procedures were performed according to the Ethical Prin-
ciples  in Animal Research adopted by the Brazilian College
of  Animal Experimentation and to the 2000 Report of the
AVMA  Panel on Euthanasia (2001).
In order to check for the presence of N. caninum in
the sampled birds, indirect ﬂuorescent antibody tech-
nique (IFAT) and immunohistochemical (IHC) assays were
undertaken as previously described (Mineo et al., 2009).
Brieﬂy, IFAT was performed with the incubation of test
Table 1
Zoological classiﬁcation and number of samples from captive and wild
birds serologically assayed for Neospora caninum speciﬁc IgG antibodies.
Order Species Number assayed
samples
Ciconiformes Coragyps atratus 4
Columbiformes
Columba livia 50
Zenaida auriculata 25
Falconiformes Caracara plancus 8
Passeriformes
Oryzoborus maximiliani 6
Serinus canaria 20
Piciformes Ramphastos toco 2
Psittaciformes
Amazona aestiva 29
Anordorhynchus hyacinthinus 4
Anordorhynchus leari 2
Ara ararauna 1
Ara  chloropterus 2
Melopsittacus undulatus 64
Strigiformes
Asio clamator 2
Tyto alba 1
Rheiformes Rhea americana 37
Struthioniformes Struthio camelus 37
Total 294itology 182 (2011) 352– 355 353
sera in antigen slides containing formalin-ﬁxed tachyzoites
at  1:20 dilution. As secondary antibodies, an anti-chicken
IgG antibody conjugated to FITC (Sigma, USA) was used
at  1:50 dilution. Slides were mounted with carbonate-
buffered glycerin (pH 9.5) and coverslips before being read
in  an epiﬂuorescence microscope (Olympus, Japan). Only
a  bright ﬂuorescence of the whole tachyzoite surfaces was
considered as a positive result. Slides containing parafﬁn-
embedded tissues from selected animals were submitted to
IHC  assays using polyclonal antibodies against N. caninum
(1:1000), obtained from experimentally infected BALB/c
mice,  as primary antibodies. Tissue samples were also incu-
bated  with mAb  74.1.8, a monoclonal antibody against
BAG1 antigen, commonly expressed in N. caninum and T.
gondii  tissue cysts (Weiss et al., 1999). For signal ampliﬁ-
cation, the avidin–biotin complex immunoperoxidase step
was  performed (DakoCytomation, Denmark) and the slides
stained  with diaminobenzidine tetrahydrochloride (DAB –
DakoCytomation). Counter staining was  performed with
Harris  hematoxylin (10%) and slides were later mounted on
coverslips  to be read under light microscope (Nikon, Japan).
Direct  detection was also attempted by the detection of
Nc5  locus in the IHC positive samples, using DNA extrac-
tion, primer sets and ampliﬁcation protocols as previously
described (Furuta et al., 2007).
3. Results and discussion
The  need to observe N. caninum in wildlife animals has
been  pointed out as a possible way  to understand some
obscure aspects of the parasite’s cycle (Gondim, 2006).
There are indications that the presence of birds in cattle-
raising farms could be associated with the increase of
seroprevalence and abortions related to N. caninum (Bartels
et  al., 1999; Otranto et al., 2003). In T. gondii epidemiolog-
ical chain, birds are considered parasite’s reservoir, since
those  animals are frequently preyed upon by its deﬁni-
tive hosts, felids (Elmore et al., 2010). The same pattern
of  events may  be observed in the relationship between
dogs and birds, which may  lead to speculations towards
if  birds may  also perform the role of N. caninum reservoirs
in  nature. Epidemiological studies for these protozoa fre-
quently  employ antibody detection to estimate population
infection rates. Serological positivity to T. gondii in birds is
usually  low, which is not compatible with direct detection
in  different tissues (Dubey, 2002).
Serological analysis by IFAT of samples gathered from
wild  birds maintained in captivity and free-ranging birds
for  the presence of antibodies to N. caninum were incon-
clusive, since speciﬁc IgG antibodies to N. caninum were
not  detected. The absence of detectable levels of speciﬁc
IgG  against N. caninum in birds is not a surprise, since
it  has been already shown that experimentally infected
pigeons and different chicken models present an abrupt
antibody seroconversion, despite a brief detection period
(Furuta et al., 2007; Mineo et al., 2009). Additionally, the
same  phenomenon has been described in experimental
infections of wild birds with T. gondii (Mineo et al., 2009;
Vitaliano et al., 2010). The lack of detection of circulating
antibodies speciﬁc to the parasite in the tested species may
be  partially attributed to the serological assay employed,
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Fig. 1. Positive immunostaining of Apicomplexa-like tissue cysts with
anti-Neospora caninum polyclonal antibodies: (A) in the cloacae mus-
culature of a red-and-green macaw (Ara chloropterus); (B) in the
cervical musculature of a blue-fronted Amazon parrots (Amazona aestiva).54 T.W.P. Mineo et al. / Veterina
hich is based on a secondary antibody raised for chick-
ns.  Although the assay seems to work properly with some
ildlife  species, IgG domains of different bird species is
ariable  and might not present the same homology with
hicken antibodies, fact that may  dampen the serolog-
cal diagnosis in wild life animals. Unfortunately, it is
ncommon to ﬁnd commercial conjugates speciﬁc for wild
ife  animals, which limits applied research focusing those
pecies.
Post-mortem analysis through observation of gross and
icroscopic lesions is an important tool to assist the
etermination of death causes in wild animals, once avail-
bility  of other support diagnostic techniques may  not
e  as feasible. Interestingly, routine analysis of a red-
nd-green macaw (Ara chloropterus) and a blue-fronted
mazon parrots (Amazona aestiva), which died and were
ecropsied due to unrelated clinical conditions, presented
picomplexan-like tissue cysts in HE stained tissue slides.
he  samples containing the unidentiﬁed parasite forms
nderwent IHC analysis, and showed to be positive for N.
aninum.  The cysts were found in the musculature around
he  cloacae of the red-and-green macaw (Fig. 1A) and in
lue  fronted Amazon’s cervical musculature (Fig. 1B). Sim-
lar  structures were found in the breast musculature of
everal  pigeons although no positive staining was observed
Fig.  1C). None of the tissues from the three animals pre-
ented  positive staining for T. gondii, however the tissues
rom  the two psittacine birds presented a faint staining for
AG1,  while positivity was not observed for the tissue cysts
ound  in the breast musculature of the pigeon. Pigeons fre-
uently  bear Sarcocystis spp. infections (Olias et al., 2010,
011),  and morphological analysis of the slides is sugges-
ive  of that infection. Altogether, the reactivity in IHQ of
he  parasitic forms to N. caninum and BAG1 directed anti-
odies,  associated to the lack of reactivity against T. gondii
ntisera and total absence of staining in Sarcocystis spp.
earing samples, suggests that the immunostaining pro-
ocol  used in this work was speciﬁc for N. caninum.
The suggestive ﬁndings of N. caninum tissue cysts in
wo  psittacine birds are very relevant, since those struc-
ures  are considered rare histological ﬁndings, been found
ostly  in nervous tissues of dogs and ruminants (Dubey
t  al., 2002). Few reports demonstrate intramuscular tis-
ue  cysts in dogs and cattle, where parasites are usually
ocated inside myoﬁbers (Peters et al., 2001). Experimen-
al attempts were made in different species to visualize
he parasite in its cystic forms inside the musculature, but
one  succeeded (Dubey, 2002). This fact was intriguing to
esearchers, since it is common sense that the deﬁnitive
osts of N. caninum begin to play their role in the para-
ite’s cycle after predation, which is usually performed by
rimary  ingestion of offal and muscles. The detection of
atent  parasitic forms in the musculature of birds might
hed some light into the discussion related to Neospora’s
ildlife life cycle.
Immunohistochemical protocols based on HRPO and
ITC  conjugates, using polyclonal antibodies to N. can-
num  and T. gondii, showed to be parasite speciﬁc once
o  cross-reactivity was demonstrated, as observed previ-
usly  (van Maanen et al., 2004). Moreover, morphologically
imilar tissue cysts found in other musculature samplesApicomplexa-like tissue cysts contained (C) in the pectoral muscles of a
pigeon (Columba livia) are not reactive in immunohistochemical assay to
detect  Neospora caninum antigens. Scale bars = 20 m.
did not react to any of the primary antibodies used. Pos-
terior morphological analyses suggested Sarcocystis spp.,
commonly found in these species (Kutkiene and Sruoga,
2004). To further conﬁrm direct parasite detection in bird
species,  parasite-speciﬁc DNA ampliﬁcation and/or para-
site  isolation is desirable. However, many obstacles may
ry ParasT.W.P. Mineo et al. / Veterina
turn that task ungrateful. Parasite forms evidenced by
immunoenzymatic assays were ﬁndings of histopatho-
logical examination of animals that were taken in with
other  clinical conditions. In that sense, with no macro-
scopic evidences of infection, tissue collection for PCR
assays  becomes nearly random. DNA extraction of posi-
tive  parafﬁn-embedded tissues was tried in our laboratory,
however yielded poor quality DNA, independently of the
extraction procedure. This phenomenon was previously
observed in an interlaboratory comparison of diagnostic
methods for N. caninum infection in bovine fetuses (van
Maanen et al., 2004).
It  has been shown in the present work that N. caninum
may  be present in wildlife bird species, and more studies
should be performed to measure the actual susceptibility
and infection rates of wildlife birds to the infection.
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